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aBsTraCT

Kangite (IMA 2011-092), (Sc,Ti,Al,Zr,Mg,Ca,o)2O3, is a new scandia mineral, occurring as 
micrometer-sized crystals with REE-rich perovskite and spinel in a davisite-dominant ultra-refractory 
inclusion from the Allende CV3 carbonaceous chondrite. The phase was characterized by SEM, 
EBSD, synchrotron micro-Laue diffraction, micro-Raman, and EPMA. The mean chemical compo-
sition of the type kangite is (wt%) TiO2 36.6, Sc2O3 26.4, ZrO2 11.3, Al2O3 7.0, Y2O3 5.4, CaO 3.9, 
MgO 3.14, Dy2O3 1.8, SiO2 1.7, V2O3 1.31, Er2O3 0.92, FeO 0.8, Gd2O3 0.60, Ho2O3 0.40, Tb2O3 0.18, 
Cr2O3 0.09, ThO2 0.04, O –0.3, sum 101.28, which leads to an empirical formula calculated on the 
basis of 3 O atoms of [(Sc0.54Al0.16Y0.07V0.03Gd0.01Dy0.01Er0.01)3+

S0.83(Ti0.66Zr0.13)4+
S0.79(Mg0.11Ca0.06 Fe0.02)2+

S0.19 

o0.19]S2.00O3. Synchrotron micro-Laue diffraction (i.e., an energy scan by a high-flux X-ray monochro-
matic beam) on one type domain at submicrometer resolution revealed that kangite has a cation-deficient 
Ia3 bixbyite-type cubic structure. The cell parameters are a = 9.842(1) Å, V = 953.3(1) Å3, Z = 16, 
which leads to a calculated density of 3.879 g/cm3. Kangite is a new ultra-refractory mineral, likely 
originating through low-temperature oxidation of a Sc-,Ti3+-enriched high-temperature condensate 
oxide dating to the birth of the Solar System.
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inTrOduCTiOn

During a nano-mineralogy investigation of a previously 
described inclusion, ACM-3, in the Allende meteorite (Ma and 
Rossman 2009b), a new ultra-refractory Sc-,Ti-rich mineral 
(Sc,Ti,Al,Zr,Mg,Ca,o)2O3, named “kangite,” was discovered. 
Electron probe microanalysis (EPMA), high-resolution scanning 
electron microscope (SEM), electron backscatter diffraction 
(EBSD), synchrotron micro-Laue diffraction with subsequent 
energy scans, and micro-Raman analyses were used to deter-
mine its composition, physical properties, and structure and to 
characterize associated phases. Synthetic Sc2O3 is well known 
but synthetic (Sc,Ti,Al,Zr,Mg,Ca,o)2O3 is unknown. Kangite 
is a new mineral species and a phase new to meteoritics. In this 
paper, we describe the first occurrence of kangite in nature, as a 
new ultra-refractory oxide, among the oldest solid materials in 
the Solar System.

Mineral naMe and Type MaTerial

The mineral and the mineral name (kangite) have been ap-
proved by the Commission on New Minerals, Nomenclature 
and Classification (CNMNC) of the International Mineralogical 
Association (IMA 2011-092). The name is derived from “kang,” 
the Chinese word for the element scandium. Holotype material 
has been deposited under catalog USNM 7555 in the Smithsonian 

Institution’s National Museum of Natural History, Washington 
D.C., U.S.A. Section USNM 7555 also contains type davisite 
(IMA 2008-030; Ma and Rossman 2009b).

OCCurrenCe

The Allende meteorite fell in and near Pueblito de Allende, 
Chihuahua, Mexico on February 8, 1969 (Clarke et al. 1971). This 
CV3 carbonaceous chondrite is probably the most highly studied 
meteorite and the results of these studies have greatly influenced 
current thinking about processes, timing, and chemistry in the 
primitive solar nebula and in small planetary bodies. The mineral 
kangite was found within one irregular ultra-refractory inclusion, 
ACM-3, in one polished section (USNM 7555), prepared from 
a ~1 cm diameter Allende fragment (Caltech Meteorite Collec-
tion No. Allende12A). ACM-3 is about 130 mm in diameter in 
the section plane and is surrounded by a matrix of mostly fine-
grained olivine and troilite. Kangite occurs interstitially, along 
with perovskite and spinel, within an aggregate of the type davisite 
crystals (Figs. 1–2). All four kangite grains are in contact with 
davisite and two are also in contact with perovskite. One was 
observed in contact with spinel.

appearanCe, physiCal and OpTiCal prOperTies

Kangite occurs as four irregular to subhedral grains, 1 to 4 
mm in size, which constitute the type material (Fig. 2). In the 
optically thick section (150 mm in thickness), kangite is opaque. * E-mail: chi@gps.caltech.edu


